INTRODUCTION
A variety of Gram-positive and Gram-negative bacteria have been shown to possess a protein or glycoprotein layer which overlies the cell wall or the outer membrane [1, 2] . These layers have been recognized by the arrangement of their component subunits into tetragonal or hexagonal arrays. The protein subunits range in size from apparent M r values of 51000 in Lactobacillus brevis [3] to 150 000 in Sarcina ureae [4] . Some have been shown to reassemble in vitro into sheets with regular arrays identical to those seen on intact cells. The arrangement of the subunits, tetragonal or hexagonal, was shown to be determined by the proteins composing the layer rather than by the underlying wall onto which the subunits assembled [5] . The function of the regularly structured (RS) layers is unknown in most bacteria although in one strain of Bacillus sphaericus, the protein serves as a bacteriophage receptor [6] . The RS layer (also called T-layer) on B. sphaericus NCTC9602 and P-I has been studied in detail [6] [7] [8] , but it is unclear if the RS layer on these two strains is identical to the RS layer on other strains of this genetically heterogeneous species [9] . We report here the distribution of the RS layer among 61 strains of B. sphaericus from the various DNA homology groups [9] and we describe some properties of the layers from representative strains.
MATERIALS AND METHODS

Bacterial strains
The bacteria examined and their sources were those described by Krych et al. [9] . In addition, strains 1883, 1885, 1896, 1894, 2013-6, 2117-2, 2297, 2115, 2117-2, and 2118 which are pathogenic for mosquito larvae were recived from Samuel Singer, Western Illinois University, Macomb, IL.
Media and growth conditions
Bacteria to be examined for the presence of RS layers were grown at 30°C in shaken flasks (175 rev./min on a New Brunswick G25 shaker) of NY broth (Difco nutrient broth plus 0.05 yeast extract) or of NYSm broth (NY broth supplemented with 5 • 10 -5 M MnCI 2, 7-10 -4 M CaC12, 1 • 10 -3 M MgC12 ).
3. Electron microscopy
Bacteria grown in NY or NYSM broth were washed once with 0.15 M NaCI and once with distilled water. The cells from 10 ml of broth were suspended in 5 ml of distilled water and were broken in an ice bath by sonication. Cell walls were recovered by centrifugation (12000 x g, 15 min), suspended in 1 ml of distilled water and negatively stained for 1 min with 1% uranyl acetate on parloidion-coated electron microscope grids.
Cells or cells walls to be examined in thin section were fixed by the method of Kellenberger et al. [10] , embedded in Epon 812, sectioned with a diamond knife and the sections were stained for 1.5 min with 2% uranyl acetate and for 1 min with alkaline lead citrate. Negatively stained preparations and thin sections were examined using Jeolco 100B electron microscope (Jeolco Ltd., Tokyo) operating at 80 kV.
Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis
Bacteria were grown, washed and sonicated as described above. Most of the unbroken cells were removed by 2 low-speed centrifugations (480 x g) of 15 min each. The walls were recovered by centrifugation at 17000 x g for 15 min, washed once each with 0.15 M NaC1, distilled water, 0.5% Triton X-100, chloroform : methanol : H20 (1 : 2 : 0.8). and finally with water. They were suspended for 2 h at 37°C in 8 M urea in 0.01 M sodium phosphate, pH 7.0. Walls an protein extract were separated by centrifugation (17 000 x g, 15 min) and the protein was dialyzed for 72 h against 2 1 of distilled H20 at 4°C with changes of H 20 after 24 and 48 h. Each dialyzed urea extract was prepared for electrophoresis by the addition of 0.01 ml of 10% SDS (in 0.01 M sodium phosphate, pH 7.5) and 0.01 ml of 10% 2-mercaptoethanol to 0.2 ml of the extract. The mixture was boiled for 5 min and few crystals of bromphenol blue and one drop of glycerol were added to the cooled solution. Bio-Rad high M r standards were prepared as suggested by the manufacturer (ovalbumin, 45000; bovine serum albumin, 66 200; phosphorylase B, 92 500; fl-galactosidase, 116 250; myosin, 200 000).
Tube gels of 7.5% acrylamide (pH 7.5) were prepared as described by Weber and Osborn [11] and were run at 4 mA per tube. Gels were stained for protein with Coomassie Brilliant Blue R-250 or for glycoprotein by method of Zacharius et al. [12] .
Preparation of antiserum and Ouchterlony assays
Purified RS layer protein was obtained from B.
sphaericus P-1 and was used to prepare antiserum as described by Howard et al. [8] . Surface proteins to be examined by immunodiffusion were obtained by growing the B. sphaericus strains in NYSM broth with shaking for 8 h. The cells were recovered by centrifugation, washed 2 x with distilled water, and suspended in 2 ml of 8 M urea in 0.01 M sodium phosphate, pH 7.0 for 2 h at 37°C. After extraction, cells were removed by centrifugation at 17 000 x g and the supernatant was dialyzed for 72 h at 4°C against 4 1 of 0.05 M potassium phosphate (pH 7.0)-0.7% NaCI with changes of buffer after 24 h and 48 h. Ouchterlony slides were prepared using 1% agarose dissolved in 0.7% NaC1-0.01% sodium azide. 20/~1 of P-1 antiserum or various antigens were placed in the wells and allowed to react at room temperature for 48 h.
RESULTS AND DISCUSSION
Survey of strains for RS layer
Many of the strains utilized by Krych et al. [9] in their study of DNA homology within the species B. sphaericus were examined for the presence of RS layers. In addition, some recent isolates possessing mosquito pathogenecity but which were not included in the taxonomic study were examined. It was found that all of the strains of homology groups I and III possessed RS layers ( Table 1 ). The strains of homology group IIA (all of which are mosquito pathogens) as well as the recently isolated mosquito pathogens of undetermined homology group lacked an RS layer. Of the 12 strains in homology group liB, 7 lacked the -ATCC7054  liB  -NT  ATCC 12300  liB  --NRS718  liB  --NRS1191  liB  --NRS1196  lIB  --ATCC7063  I1B  +  -NRS1194  liB  +  -NRS1200  liB  --NRSI201  IIB  +  -NRS1192  liB  +  -NRS156  IIB  +  +  NRS592  Ill  +  +  ATCC12123  III  +  -PI  III  +  +  NRS800  III   +  +   NRS1692  Ili  +  -NRS593  III  +  +  NRS1195  1II  +  -NRS1193  III  +  -NRS1197  III  +  +  NRSlI87  III  +  -NRS1023  III  +  +  NRRLB4297  III  +  -NRS810 III + - The possible effect of the onset of sporulation on cell surface topography was tested by growing 2 strains possessing RS layer (ATCC14577 and P-l) and 2 strains lacking it (1593 and SSII-I) in shaken flasks of NYSM broth. At 2, 8 and 18 h, cell walls were prepared by sonication and stained with uranyl acetate. Cells of strains ATCC14577 and P-1 retained an RS layer at all 3 times while the 2 strains lacking the RS layer showed no change as the culture aged and sporulated at 18 h. The presence of 1 mM Ca 2+ in a casamino acid broth was required for production of an RS layer by Spirillum putridiconchylium [13] . However, the addition of 1 mM CaC12, MgC12 or MnCI~ separately or in combination to NY broth did not result in production of an RS layer by B. sphaericus 1593 after 2, 8 or 18 h of growth.
Although negative stain did not reveal the presence of regularly arrayed subunits on the surface of several B. sphaericus strains, thin sections of stains 1593, 2297 and SSII-1 (Fig. 1) showed that a layered wall was present on these bacteria. The layered appearance was discernable in young cells [14] but it was more apparent as the cells began to autolyse (Fig. 1) . In autolysing cells, the non-regularly structured (NRS) layer was able to deposit on both sides of the wall at those points where the wall had separated from its usual close proximity to the membrane. It could also close around the ends of breaks in the wall.
2. Immunological survey of surface proteins
Antiserum prepared against the RS protein of strain P-I was used to examine the protein extracted from the RS and NRS layers of B.
sphaericus. Each strain was grown, the protein was extracted, and each was tested twice with identical results. The results are shown in Table 1 and the appearance of the Ouchterlony gels for the strains which reacted with the antiserum are presented in Fig. 2 . The antiserum to the P-I RS protein did not precipitate any of the NRS proteins whereas it precipitated 15 of 30 RS proteins. It precipitated all of the RS proteins from the strains of homology groups I and V but only 7 of 17 strains within its own homology group III. Of the strains which did react with the P-I antiserum, none demonstrated complete identity with the antigenic determinants present on the P-I RS protein. The Ouchterlony gel patterns indicated that all of the reacting proteins (with the exception of P-l) were identical among themselves with respect to those determinants that reacted with the P-1 antiserum. This does not, of course, mean that all of these proteins are identical in all their antigenic determinants, however, they share one Or more determinants among themselves and with strain P-1.
M • value of the surface proteins
M r values of 150000 and 142000 _+ 4000 have been reported for the protein extracted from the RS layer of B. sphaericus P-1 [6] and NCTC9602 [7] respectively. To compare the major protein present in the NRS surface layer of B. sphaericus with that in RS layer, cell walls of 4 strains, 2 with RS layer and 2 with NRS layer, were extracted with 8 M urea and electrophoresed with SDS-PAGE. The extract from each of the 4 strains yielded a single major band which had the apparent M r shown in Table 2 . The values do not by themselves explain why some proteins are in the RS form and some are in the NRS form. When identical gels were treated with periodic acidfuchsin sulfite, the single major band was stained 
Reassembly of RS and NRS proteins
The soluble RS protein extracted from B.
sphaericus NCTC9602 was shown to undergo in vitro reassembly in the absence of template or added cations [7] . The ability of NRS protein to reassemble was unknown. The RS layer of B.
sphaericus ATCC14577 and the RNS layer of B. sphaericus 1593 were extracted into 8 M urea and dialyzed against distilled water. The RS protein of ATCC14577 reassembled into sheets having tetragonal symmetry, however, no sheets having regularly arrayed subunits were observed to form from the protein of strain 1593. In the absence of a regular array of subunits, it was not possible to determine by microscopic observation if negatively stained material recovered from the dialyzed 1593 protein extract represented reassembled NRS layer. When urea-extracted, water-washed cell walls of strain 1593 from which NRS layer had been removed (Fig. 3a) were added to the dialysis bags containing 1593 protein, reassembly of protein onto both sides of the wall was demonstrated by thin sectioning of the walls (Fig. 3b) . The reassembled protein of strain 1593 still lacked a symmetrical array of subunits.
The reason for the failure of the surface protein of many B. sphaericus strains to assemble in a tetragonal array is unknown. The fact that the P-1 antiserum did not react with even one strain hav- ing an NRS layer, although it did react with one-half of those having an RS layer, indicates that the NRS protein may possess some significant difference(s). It would be useful to prepare additional antisera to both RS and NRS protein to explore the heterogeneity in greater detail.
